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Description 

The present invention relates to an atmospheric 
piasma reaction method and the device therefor. More 
particularly, this invention relates to an atmosphere 
plasma reaction method and the device therefor where- 
in stable giow discharge piasma is caused to generate 
under atmospheric pressure, end also the active spe- 
cies generated by this atmospheric plasma is transport- 
ed to the downstream for treating the surface and/or 
forming a thin film on a large-size substrate 

Conventionally, a film-forming or surface treatment 
method with low pressure giow discharge plasma has 
been widely known, and has found extensive applica- 
tions in various industrial fields. As the surface treatment 
method with low-pressure glow discharge plasma, the 
so-called piasma etching method that an etching and a 
thin film formation are made by the plasmatization of re- 
active gases including halogen atomsand silicon atoms, 
and the deposit method are known. 

Such plasma etching method and deposit method 
include etching of silicon and oxidated silicon film with 
Freon gas and other carbonfluoride plasma in a vacuum 
container, and depositing of amorphous silicon turn, ox- 
idated silicon film or nitride silicon film onto a silicon sub- 
strate or glass substrate by piasma-exciting silane gas 
or a mixed gas of oxygen or ammonia gas therewith. 

However, the surface treatment methods of low- 
pressure glow discharge plasma as has conventionally 
been known, use reactions under vacuum ol some 
lx10- 2 - 1 forr, and hence a device and equipment for 
forming these low-pressure conditions were required. It 
was also difficult to treat a large-area substrate and the 
production cost was inevitably high. 

One o1 the inventors to the present invention has 
already proposed a plasma reaction method 'or plasma 
exciting monomer gas introduced in a mixed gas with 
rare gas under atmospheric pressure and treating the 
surface of a substrate (See JOURNAL OF PHYSICS D: 
APPLIED PHYSICS, vol. 21, no. 21, May 14, 19BB, 
Letchworth, GB, pages 838-840; Kanazawa, S. et al.: 
"Stable glow plasma at atmospheric pressure"). He has 
put this method into application, achieving a surface with 
superb characteristics and functions. However, there 
was a limit to the treatment of surface even by this meth- 
od, and particularly in the case where a gas is metal or 
alloy, are discharge occurred under atmospheric pres- 
sure, makingthe treatment difficult. In addition, thetreat- 
ment area depends on the area of an electrode, and 
hence it was difficult to treat a large area. 

The present invention has been made considering 
the aforestated circumstances, and is a further expan- 
sion of the method already proposed. It has an objective 
of providing an atmospheric plasma reaction method 
and the device therefor which can give plasma with re- 
action activity and stability under atmospheric pressure, 
without any arc discharge occurring even in the case 
where the substrate is a metal or an alloy or it is a large 



area substrate. 

This invention provides a method of treating a sur- 
face of a substrate according to claim 1 and an atmos- 
pheric plasma reaction device, according to claim 3. 
s Fig. 1 is a sectional view illustrating one of the em- 
bodiments of an atmosphere plasma reaction device of 

Fig. 2 is a perspective view iiiustrating the structure 
of a dielectric-coated electrode. 

jo Fig. 3 is a perspective view illustrating another em- 
bodiment of an atmosphere plasma reaction device of 
this invention. 

Figs. 4 and 5 are correlation drawings which show 
the relationships between the etching speed of Si and 

is SiO a at substrate temperatures of 1 00 S C and 20°C and 
the concentration of 0 £ in CF 4 . 

Fig 6 is a correlation drawing showing the relation- 
ships between the etching speeds of Si and SiO a and 
substrate temperatures. 

SO Fig. 7 is a correlation drawing showing the relation- 
ships between the etching speeds of Si and SiO s and 
the location of the substrates. 

In an atmospheric plasma reaction method accord- 
ing So the present invention and the device therefor, a 

2s mixed gas of rare gas with reactive gas is used, and di- 
electric-coated electrodes with which a solid dielectric 
is provided are iocated perpendicular toa substrate, and 
a surface treatment portion for supporting a substrate 
and treating the surface thereof is provided downstream 

30 of the plasma-generating portion of an atmospheric 
plasma gen erating unit making possible stable glow dis- 
charge and the surface-treatment of a large-area sub- 
strate. Even where the substrates a metal or an alloy, 
stable glow discharge can be obtained, and where it is 

35 a large-area substrate, the surface treatment can be en- 
sured. 

Detailed descriptions will be made as to the embod- 
iments of this invention while referring to the drawings. 
Fig. 1 is a sectional view of one of the embodiments 

40 illustrating an atmospheric plasma reaction device of 
this invention 

As shown in this example, the device according to 
the present invention comprises a gas introducing unit 
(3) for introducing mixed gas (1 ) of rare gas and reactive 

45 gas into a rection vessel {2} consisting of Teflon plate 
and which is kept at atmospheric pressure, an atmos- 
pheric piasma generating unit (8) wherein dielectric- 
coated electrodes (6) with a soiid dielectric (5) provided 
on the surfaces of two or more electrodes (4) are focated 

so parallel with each other is located perpendicular to a 
substrate (7) and a surface treatment unit (9) which sup- 
ports the substrate (7) downstream of the plasma gen- 
erating portion of that atmospheric plasma generating 
unit (8) and treats the surface thereof with the active 

55 specifies generated. 

Generally, glow discharge will not occur readily un- 
der atmospheric conditions. Arc discharge isoccuredby 
applying high voltage, and hence it becomes difficult to 
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perform the surface treatment of a substrate. 

In this invention, however, glow discharge under at- 
mospheric pressures is made possible by using a mixed 
gas (1) of reactive gas with rare gas, locating dielectric- 
coaled electrodes (6) with solid dielectrics (4) provided 
with electrodes (5) perpendicular to a substrate (7), and 
providing a surface treatment unit (9) for supporting the 
substrate (7) downstream of the plasma generating re- 
gion of the atmosphere plasma generating unit (8). 

Even when the substrate (7} is a metal or an alloy, 
a stable glow discharge can be obtained, and even 
when it is a large-area plate, the surface treatment of 
said substrate can be ensured. There is no need to say 
that when the substrate is of ceramics, glass, plastic and 
rubber, stable glow discharge is ensured and a sub- 
strate of large area can be subject to surface treatment. 

Fig, 2 illustrates the structure of dielectric coated 
electrodes (6) located in an atmosphere plasma gener- 
ating unit (8) which excites a mixed gas (1) of rare gas 
and reactive gas under atmospheric pressures 

In this example, a total of four electrodes parallel 
plate ground electrodes (41) two pairs each provided 
parallel with eachotherare used A high-frequency elec- 
tric field is applied from a high-frequency power auply 
(1 1 ) to the high-frequency electrodes (42) via a match- 
ing device (10). The both sides of each of these elec- 
trodes (41)(42) are provided with a solid dielectric field 
(5), The materials of the solid dielectric field (5) include 
glass, ceramics, plastic and other heat-resistant mate- 
rials. 

A mixed gas of rare gas and reactive gas is excited 

with glow discharge using such dielectric-coated elec- 
trodes (6), generating high-energy plasma. The forma- 
tion of this plasma is provided by the application of high 
voltage from the high-frequency power supply (11). The 
voltage applied at that lime may be arbitrary dope-icing 
on the property of the surface of the substrate and the 
time for which the surface is treated. 

There is no special limitation to the number of elec- 
trodes, but any number of two or more is acceptable 
Nor is there any specific limitation to the materials of the 
electrodes (41)(42). Stainless steel and other given ma- 
terial may be used. 

As illustrated in Fig. 1, a mixed gas (1) of rare gas 
and reactive gas is introduced into a reaction vessel (2) 
through a gas introducing port (12) provided on the re- 
action vesel (2), passes through a space (13) and is dis- 
persed evenly at an atmosphere plasma generating unit 
(8), Gases from a reaction product, unracted portion of 
reactive gas and rare gas are discharged via an exhaust 
port (15). 

To obtain more stable plasma at atmospheric pres- 
sure, it is preferred to disperse and supply a mixed gas 
(1 ) of rare gas and reactive gas to the plasma generating 
region in the vicinity of dielectric-coated electrodes (6). 
For this reason, in this example, a multi-port plate (16) 
is also provided. 

At a substrate support (14), a temperature sensor 



(17) which measures the temperature of the substrate 
(7) of a thermocouple, a heater (1 B) for heating the sub- 
strate (7), and a water-cooled pipe (19) for cooling the 
substrate (7), are also provided. These means may be 

5 arbitrarily provided. 

There is no specific limitation toa mixed gas (1 ), but 
as rare gas to be used, He, Ne and Ar can used singu- 
larly or in combi nation with oth er substances. To prevent 
arc discharge and provide stable glow discharge, it is 

to preferred to use He, a gas with light mass, For reactive 
gases to be introduced in combination with rare gases, 
silicon hydrogases such as silane (SiH 4 ) and disiiane 
(Si 2 H e ) or halogenated hydrocarbon including CF 4 , 
C 2 F S , CHF 3 or SF 5 and hydrocarbons with or without 

'5 other lunctional groups may be used arbitrarily. Reac- 
tive gases with multiple species can be mixed and used 
for that application. Furthermore, depending on the re- 
active gases to be used, haiogen, oxygen, and hydro- 
gen may be added to the mixed gas to accelerate a re- 

20 adion There is no specific limitation to the mixing ratio 
of rare gas with reactive gas, but it is preferred to make 
the density of rare gas about 65% or higher, especially 
90% or higher. 

When these gases used for a reaction are released 

2s into the atmosphere, there are some cases where they 
will cause safety problems including fire and undesirble 
effects upon the human body, in order to avoid this cas- 
es, it becomes necessary to detoxify these gases. Since 
the gases such as He are expensive, it is prefered to 

so collect them for reuse. Given these, the device of this 
invention can be covered With a separate container (21 ) 
from the reaction vessel (2) which is used to isolate a 
plasma reaction system from atmosphere. Using a 
pump and other appropriate exhaust means connected 

3S to the isolation container (21), the pressure inside can 
be -educed to appiox. 0.5 to 0. * atmospheric pressure. 
The discharge mechanism for this is identical to that un- 
der atmospheric pressure. 

According 10 the lype and reaction conditions of re- 

40 active gases to be used, plasma polymer film, deposit 
film, plasma treatment film or piasma etching surface 
can be obtained. 

Fig. 3 is a perspective diagram of another example 
of the atmosphere plasma reaction device of this inven- 
ts Hon. 

In this example, a pair of dielectric-coated elec- 
trodes (6) with a solid dielectric (5) provided on one of 
the sides of the electrodes (4) and longer in the cross 
direction of a substrate (20) are provided inside a con- 
so vex reaction vessel (2), so that the substrate (20) is 
scanned in the directions of an arrow (x) and/or an arrow 
(y). This ensures that if the substrate (20) is a large-area 
substrate, the surface can be treated. When this device 
is used for surface treatment, it is preferrd to scan the 
55 substrate (20) in both directions of the arrows (x)(y) to 
provide more evenly treated surface. 

In this case also, to prevent the gases from dispers- 
ing into the atmosphere, the whole device can be cov- 
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ered by an isolation container different from the reaction 
vessel (2), With an appropriate exhaust means such as 
a pump, the interna! pressure can be reduced to approx. 
0.5 to 0.1 atmospheric pressure. The discharge mech- 
anism for this operation is similar to that under atmos- 
pheric pressure. 

Now, Description will be made as to the specific ex- 
amples of surface treatment. 

Treamiment Example 1 

In a device as descried in Fig. 1 wherein four plate 
electrodes with a shape of square having a 30 mm side 
are used, and glass plate-coated electrodes, located 
parallel with each other in a clearance of 4 mm, were 
provided at an atmosphere plasma generating portion, 
1 cm 2 single crystal silicon (1 00) and thermally oxidated 
film were provided 1 cm apart from the bottom of the 
dielectric -coated electrodes. These substances were 
heated to 100°C to vary the concentration of 0 2 into CF 4 
for plasma etching. The total flow of CF 4 + O a was kept 
constant at 25 seem, and the flow rate of He at 4 x 10 3 
seem. A high-frequency power at 1 3.56 MH 2 was set at 
70 V. The result is show in Fig. 4. 

The single crystal silicon and thermal treated film 
were subject to etching. The etching speed was approx. 
2.5 heat (CF 4 + O a )/0 2 ratio, i.e., it was confirmed that 
when CF 4 was approx. 30 cc and 0 2 was some 70 cc, 
the silicon (S1) and the oxidated film (SiO z ) attained the 
maximum etching speed 

D ir , tn j etching operation o arc cii < h urge ot 
cured, and glow discharge ocurred under stable atmos- 
pheric pressures, giving highly active plasma. 

Temperature Example 2 

Under the same condition as in Example 1 : except 
for setting the temperature of the substrate at 20°C, a 
single crystal silicon and thermally oxidated film were 
subject to etching. The result is show in in Fig. 5 As is 
shown by a comparison with Fig. 4, it was found that the 
etching speed of the silicon (Si) does not change great!-/ 
with substrate temperatures, but that the etching speed 
of oxidated film (SiO a ) decreases substantially, improv- 
ing the selection ratio of Si/Si0 2 more than 15 times. 

In this case also, no arc discharge occurred and 
glow discharge occurred under stable atmospheric 
pressures, giving highly active plasma. 

Treatment Example 3 

Keeping the flowrate ration (CF 4 + 0 2 )/0 2 at 3 and 
varying substrate temperatures, the etching speed of a 
single crystal silicon and thermally oxidated film were 
observed. The result is indicate in Fig. 6. 

The single crystal silicon and thermally oxidated fiSm 
was subject to etching. As is evident from Fig. 6, it was 
confirmed that the selection ratio of Si/SiO a became 



enormously larger as the substrate was cooled. 

In this case also, during the etching operation, glow 
discharge occurred, giving highly active plasma. No arc 
discharge occurred. 

Treatment Example 4 

Under similar conditions as in Example 3 and vary- 
ing the location of the substrates with regard to dielec- 

io tric-coated electrodes, the etching speed of the silicon 
{Si) and thermaliy oxidated film {Si0 2 ) was observed. 
The location of the substrate in this case was further 
apart from those in Example 1 to 3. 

It was determined that the etching speeds of both 

is the silicon (Si) and thermaliy oxidated film (SiO a ) de- 
crease as they are more distant from the dielectric-coat- 
ed electrodes, but that an effective etching speed was 
achievable even when those substrates are 3 cm distant 
from the electrodes. 

so The present invention is not limited to the above ex- 
amples. Various configurations can be realized depend- 
ing on the geometry, size and material of a reaction ves- 
sel, the construction and structure of a dielectric-coated 
electrode, the type and flowrate of rare gas and reactive 

2S gas, the quantity ol applied power, substrate tempera- 
ture, and the location and distance of the substrate from 
the dielectric-coated electrodes. 

When the pressure inside the container Is 1o be re- 
duced for the exhaust and disposal of reactive gas and 

so reaction production and the coliection of He and other 

rare' gases, the discharge machanism become similar 

one under the atmospheric pressure. 

As has been described in detail, this invention 
makes unnecessary the device and equipment for the 

35 formation of vacuum systems, reduces cost, and 
achieves surface treatment under the atmospheric pres- 
sures, as compared with the conventional low-pressure 
glow discharge plasma reaction method. Since the 
structure and construction of the device are simple, it 

40 becomes easier to perform surface treatment of large- 
area substrate. The desired surface treatment can be 
obtainted regardless of the materials and size of the 
substrate. 

45 

Claims 

1. A method of treating a surface of a substrate (7) 
comprising introducing a mixed gas (1 ) of rare gas 
so and reactive gas into a reaction vessel (2) 

exciting said mixed gas of gases with plasma 
at atmospheric pressure, and treating the sur- 
face of a substrate with the active species 
ss thereby generated, characterised in that 

the excitation of said mixed gas is achieved by 
passing said mixed gas through an atmospher- 
ic plasma generation region (8) comprising di- 
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laBt, wobei die Oberflache von mindestens 
zwei der Elektroden (4) teste Dielektrika (5) 
aufweisen und parallel zueinander angeordnet 
sind, wobsi die mit Dielektrikum beschichieten 
s Elektroden (6) senkrecht zu dem Substrat (7) 

angeordnet sind und die Oberflachenbenand- 
iung stromabwarts von samtlichen mil Dielek- 
trikum beschicbteten Elektroden (6) durchge- 
fuhrt wird. 

10 

2. Verfahren gemaR Anspruch 1 , wobei die Substrat- 
oberfiache mit Reaktionsgas behandelt wird, das 
Halogenatome umfaBt 

JS 3. Vorrichtung fur Plasmarsaktionen bei atmosphari- 
schem Druck, mit 

einem ReaktionsgefaB (2), 

Einfuhfungsmilteln zum Einfuhren eines Gas- 
so gemisches {1 ) aus Edelgas und Reaktionsgas 

in das ReaktionsgefaB (2), 

einer Einheit zur Plasmaerzeugung bei atmo- 

spharischem Druck und einer Oberffacnenbe- 

handlungseinheit zur Behandlung der Oberfla- 
ss C he eines Substrates (7), dadurch gekenn- 

zeichnet, daB 

die Einheit (8) zur Plasmaerzeugung bei atmo- 
spharischem Druck mil Dielektrikum beschich- 
tete Elektroden (6) umfaQt, wobei die Oberfla- 

30 chc von mindestens zwei der Elektroden (4) te- 

ste DieieMrika - ufwei oi undparaflelzuein- 
ander angeordnet sind, wobei die mit Dielektri- 
kum beschichteten Elektroden (6) senkrecht zu 
dem Substrat (7) angeordnet sind, und 

35 die Oberflachenbehandlungseinheit (9) sich 

stromabwarts der Einheit (B) zur Plasmaerzeu- 
gung bei atmospharischem Druck befindet, 

4. Vorrichtung fur Plasmareaktionen bei atmosphari- 
40 schem Druck gemaB Anspruch 3, wobei ein Isola- 
tionsgefaB zur Verringerung des Drucks auf 1/10 
Atmospharendruck vorgesehen ist. 
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electric-coated electrodes (6) wherein the sur- 
face of two or more of the electrodes (4) have 
solid dielectrics (5) and are located parallel with 
each other, said dielectric-coated electrodes 

(6) being located perpendicuiar to the substrate 

(7) , and said surface treatment is carried out 
downstream of all of said dielectric-coated 
electrodes (6). 

2. A method as claimed in Claim 1 wherein thesurface 
of the substrate is treated with reactive gas com- 
prising halogen atoms. 

3. An atmospheric plasma reaction device comprising 

a reaction vessel (2), 

gas-introducing means for introducing a mixed 
gas (1) of rare gas and reactive gas into said 
reaction vessel (2), 

an atmospheric plasma generation unit, and a 
a surface treatment unit for treating the surface 
of a substrate (7), characterised in thai 
the atmospheric plasma generation unit (8) 
comprises dielectric-coated electrodes (5) 
wherein the surface o( two or more of the eiec- 
trodes (4) have solid dielectrics (5) and are lo- 
cated parallel with each other, said dielectric- 
coated electrodes (6) being located perpendic- 
ular to the substrate (7), and 
the surface tre ti enl i i J : is downstream of 
the atmospheric plasma generation unit i[8). 

4. An atmospheric plasma reaction device as claimed 
in Claim 3 wherein an isolation vessel is provided 
to reduce the pressure to 1/10 atmospheric pres- 
sure 



Patentanspruche 

1. Verfahren zur Oberfiachenbehandlung eines Sub- 
strates (7) mit den Schritten: 

Einfuhren eines Gasgemisches (1) aus Edel- 
gas und Reaktionsgas in ein ReaktionsgefaB 

(2). 

Anregen des Gasgemisches durch Plasma bei 
atmospharischem Druck und Behandeln einer 
Substratoberflache mit der dadurch hergestell- 
ten aktiven Verbindung, 

dadurch gekennzeichnet, daB 

die Anregung des Gasgemisches dadurch er- 
reicht wird, daB man das Gasgemisch durch ei- 
nen Bereich (8) fuhrt, wo unter aimosphari- 
schem Druck Plasma erzeugtwird, welchermit 
Dielektrikum beschichtete Elektroden (6) um- 



1. Precede pour traiter une surface d'un substrat (7), 
comprenant les etapes consistant a introduire un 
melange gazeux (1 ) d'un gaz rare et d'un gaz reactif 

so clans une enceinte reactionnelle (2), exciter ledit 
melange de gaz avec un plasma a la pression at- 
mospherique, ef traiter ia surface d'un substrat avec 
les especes actives ainsi produifes, 
caracterise en ce que 

ss Excitation dudit melange gazeux est realisee 

en faisant passer ledit melange gazeux a travers 
une region (8) de production d'un plasma atmos- 
pherique, comprenant des electrodes (6) recouver- 
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les d'un dielectrique, les surfaces de deux des elec- 
trodes (4) ou plus comportant des dielectriques so- 
ndes (5) et etant paraileles entre elles, lesdites elec- 
trodes (6) recouvertes de dielectrique etant dispo- 
ses perpendiculairement au substrat (7), et iedit 
traitement de surface est execute en aval de I'en- 
sembie desdites electrodes (6) recouvertes de die- 
lectrique. 

2. Precede selon la revendication 1, selon lequel la 
surface du substrat est traifee avec un gaz reactif 
comprenant des atomes d'halogene. 

3. Dispositif de reaction piasmatique atmospherique 
comprenant 

une enceinte reactionnelie (2), 
des rnoyens d'introduction d'un gaz servant a 
introduire un melange gazeux (1 ) d'un gaz rare 
et d'un gaz reactif dans iadite enceinte reac- 
ttormcllc {?.), 

une unite de production de plasma atmosphe- 
rique, et 

une unite de iraitement de surface pour trailer 
ia surface d'un substrat (7), 

caracterise en ce que 

I'unite (8) de production de plasma atmosphe- 

rique comprend dos electrodes (6) recouvertes 

d'un dielectrique, les surfaces de deux des 
electrodes (4) ou plus comportant un dielectri- 
que solids (5) et etant paraileles entre olios, 
lesdites electrodes (6) recouvertes de dielectri- 
que etant disposees perpendiculairemen! au 
substrat (7), et 

i'unite de traitement de surface (9) est disposes 
en aval de I'unite (8) de production de plasma 
atmospherique. 

4. Dispositil de reaction piasmatique a la pression at- 
mospherique selon la revendication 3, dans ieque! 
une enceinte isolante est prevue pour reduire la 
pression a 1/10 de la pression atmospherique. 
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FIG. 1 
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FIG. 4 
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- HiGH FREQUENCY POWER : 7 0 W 

PRESSURE : 7 60 Torr 
ALL FLOW RATES CCEi+Oz): 25 seem 

He FLOW RATE ; 4 x 10 3 seem 
SUBSTRATE TEMPERATURE : 1 00 C 
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FIG. 5 

1 1 1 1 

HIGH FREQUENCY POWER : 70 W 

PRESSURE : 760Torr 
ALL FLOW RATES CCF 4 + 0 2 ): 25 seem 

He FLOW RATE : 4 xl0 3 sccm 
SUBSTRATE TEMPERATURE : 2 0 C 
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FIG. 6 
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FLOW RATE RATIO CF * + ° 2 , . 3 
0 2 " 6 

ALL FLOW RATES ( CF4+-O2): 25 seem 

He FLOW RATE ■ 4xi0 3 sccm 
HIGH FREQUENCY POWER : 7 0 W 

PRESSURE: 760 Torr 
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